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trol-system and a normal-shock-position control system for varytug the 
in l e t  geometry of a twin-duct, side-inlet, fuselage f orebody mdel of a 
prototype a-lrcraft. The in le t s  were of the do*le-ramp type w i t h  a fixed- 
angle first ramp and a vm9able-augle second ramp. The investigation was 
conducted w i t h  various second-ramp angles  over a range of angles of attack 
and p w  at free-stream Mach nmfbers from 1.5 t o  2.0. With some reserva- 
tions due t o  twin-duct asyrmetry, the theoret ical   in le t   throat  Mach rider ’ 

control  using the signals  investigated appeared t o  provide satisfactory 
control performance superior t o  that f o r  the normal-shock-position con- 
trol. A constant value of control  throat Mach rimer provided near-optirmnn 
performance f o r  a l l  co@itions except on a U W  hot day. 

Twin-duct side-inlet systems have been used on several fighter- and 
interceptor-type aircraft. As the flight Msch rimer of these aircraft 
is  increased i n  the sugersonic range, veriable-geometry in le t s  are em- 
ployed; and therefore a control system must be selected. 

An investigation has been conducted i n  the Lewis 8- by 6-foot super- 
sonic wind tunnel   to  determine the  effectiveness of experimental control 
signals  applied  to two types of theoretical   control systems for the vari- 
able in l e t  geometry of the twin-duct, side-inlet, fuselage f orebody node1 
of a prototype aircraft reported  in  reference 1. The in l e t s  were of the  
double-ramp type with a fixed-angle first ramp and a variable-angle second 
ramp. The p q o s e  of these theoretical   control systems w a s  t o  vary the 
second-ramp angle i n  order t o  maintain near-opt- inlet-engine perform- 
ance over the range of flight Mach nunibws and temeratures. Ho v a r i a b l e  
compressor bypass w a s  incorparated i n  the design of the  aircraft .  The 
test was conducted w i t h  several second-ramp angles over a range of angles 
of attack and yaw at free-stream Mach nukers from 1.5 t o  2.0. 
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The experimental  control  signals  applied t o  the themet ica l   in le t  
throat Mach  number control system w e r e  the Mach nmibers measured just .I 

inside the cowling. .This was a region where the  second-ramp angle theo-. 
re t ica l ly  influenced the laca l  Mach number in R unique manner. for any given 
engine corrected airflow. Thus, by controlling this throat Mach nurdber, 
the ramp angle would be controlled. This theoretical  control s y s t e m  w a s  
analyzed i n  detail. 

. A theoretical  normal-shock-position control s y s t e m  was analyzed 
briefly. For the type in le t s  investigated a t  any given  engine corrected 
airflow, normal-shock position  theoretically was a unique function of ramp 
angle. Hence, by controlling normal-shock position, ramg angle would be 
controlled. 

SYMBOLS 

compressor-tip frontal   area 

incremental drag 

thrust  

r a t i o  of inlet  mass flow t o  mass flow at free-stream conditions 
through inlet capture area 

t o t a l  pressure 

s t a t i c  pressure 

weight flow 

ra t io  of total pressure t o  NACA standard-day sea-level pressure 
of 2116 lb/sq ft 

r a t io  of t o t a l  temperature t o  I!€ACA standard-day  sea-level ambient 
temperature of 519O R 

Subscripts: 

C control 

i ideal 

n net 

s standarrd day 

0 free-stream  conditions 

3 compressor-face conditions 

7 
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v 

Y 
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APPARATUS 

A photograph of the model is presented In figure 1, and a sketch of 
the Fnlet  appears i n  figure 2.  This model is the same as that fnvesti- 
gated Fn reference 1. 'Ifhe double-rmg  twin-duct inlets had a ccmibination 
scoop and diverter system f o r  fuselage  bomdary-layer remwal. As shown 
in the  sketch in figure 2, the centerline of the initial portion of the 
duct was canted 5O with  respect t o  the Fuselage centerlfne. 'phe first 
ramp w s  fixed at go, and the second-rang angular position was se t  at 
several values. The longitudfnal  position of the seccmd ramp was such 
that   the  theoretical  second oblique shock was about 0.22 inch upstream 
of the cowl l i p  with a second-ramp angle of 19O at a free-stream Mach num- 
ber of 2.0. Six rows of perforations were located in the surface of the 
second ramp upstream of the cowl t o  serve as a ramg boundmy-layer- 
removal system. 

To obtain  experimental  control  signals f o r  the theoretical  t h r o a t  Mach 
nmiber control, a P i t o t   s t a t i c  t ~ e  was located i n  each of the ducts 4 
inches downstream  of the cowl Up.  The exact  location and details of this  
t m e  are indicated i n  f igure 2. This particular  location wa8 selected as 
that at which the  local t o t a l  pressure was closest   to the average at this 
statLon regardless of angle of attack, angle of yaw, or ramp angle as de- 
termined from a total-pressure suryey. Cowl coordinates i n  this region  me 
also s h m  in  figure 2. 

The instrmnentation  providing signals for the  theoretical  normal-shock- 
position  control  consisted of a static-pressure  orifice i n  the ramp surface 
inside  the cowling as shown i n  figure 2. This  instrumentation was lo-cated 
in   the  left Inlet only. Subsonic-dif'fuser area m i a t t o n s  for several 
second-ramp angbs  are  shown i n  figure 3. Duct cross  sections are  a lso  
indicated. 

For a given second-ramp angle, the inlets were irrvestigated over a 
range of mass-flow ratios,  angles af attack and yaw, and Mach nunhers 
frcen 1.5 t o  2.0. The ramp angles selected md the correspond3ng Mach num- 
bers at which the theoretical  second oblique shock was about 0.22 inch 
upstream of the cowl l i p  were as follows: 

Second" angle, Design Mach 
st3 n W e r  

21 

, 1.7 13 
1.9 17 
2 .o 19 
2.1 

9 1.5 

I, 
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A n  individual throat Mach  nuniber for each of the two ducts and also 
an average throat Mach number f o r  both  ducts are presented in the fig- 
u r e s .  The individual throat Mach number was ccanputed from the  static- 
t o  total-pressure  ratio f o r  each Pitot-static  tube. The average thrcet 
Mach number was camputed from the ratio o f t h e  average of the two s ta t i c  
pressures t o  the average of the two t o t a l  pressures. In the figures for  
the normal-shock-position control system, the ra t io  of control  pressure 
t o  free-stream static  pressure  appears. 

Inlet  performance characteristics used in the thrust-minus-drag 
analysis of this  report were obtained from reference 1. 

Inlet instability 

Before the  cantrol problem is considered, the two types of inlet  
instabfii ty encountered w i t h  th i s  configuration axe discussed. AEI the 
mass-flow r a t io  was reduced frm the   c r i t i ca l  value,  the normal shocks 
of both inlets  moved upstreem uniformly and in  a stable manner un t i l  at 
sane mass-flaw r a t i o   t m - d u c t  asymmetry  began t o  OCCUT. - A s  the mass 
flow was reduced further,  the normal shock of one M e t  continued t o  move 
gradually upstream while the  other normal shock gradually moved back i n t o  
the in le t .  During operation of th i s  type the n o m 1  shocks began t o  os- 
c i l l a t e  locally resulting in small vaziations in diffuser  pressures that 
gradually  increased in amplitude. This instabi l i ty ,   cal led  f lut ter ,  is 
indicated i n  the figures by a t a i l  up symbol. Eventually, as the mass 
flow was decreased further,   inlet  buzz occurred  durfng wfiich the n o m 1  
shocks oscillated mer large  distances with a s h a r p  r i s e  i n  the qlitude 
of diffuser  pressure  variations. This instabi l i ty  is iadicated In the 
figures by a t a i l  down symlool. 

Control Requirements 

The purpose of any control system for this inlet  configwation w&8 
t o  vary the inlet  gemetry (second-ramg angle) t o  maintaFn near optFmum 
Inlet-engine performance Over the range of f l i gh t  Mach numbers and tem- 
peratures. No variable  cqressor-bypass system was incorporated i n  
th i s  aircraft. 

The chief problemk in selecting a control system for a twin-duct 
conf iguratim are: (1) deciding on a suitable  control plan; ( 2 )  deter- 
mining the proper location of the  control; .(3) obtaining satisfactory 
control signals t o  operate  the  desired  caritrolled  paramter; and (4)  
determinhg the effect of twin-duct asymmetry on the measured control 
signals and the subsequent effect on the controlled parameter. 
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I For the twin-duct system investigated the cantrol plan of the inlets 
c8.n be handled in several ways: (I) sense the conditions i n  each duct 
and aperate each secmd ramg s e p a r a t e l y  as required; (2)  sense the can- 
dit ians in each duct, average, and opemte  both second ramps identically; 
or (3) sense the  cmditions in me duct and operate both second ramps 
identically. T h e  possibi l i t ies  of method (1) cannot be evaluated fn the 
present report,  since data were obtained only for  equal ramp angles. It 
is possible th&t twin-bct asymmetry could have been prevented  with such 
a control. The practicali ty of method (2 ) is investigated i n  some detail 
in this  repart. Operating d3ff i cu l t ies  may be encountered  with method 
(3) because of twin-duct asynmetrical  operation. 

A desirable  control ei@pal f m the configuration  lnvestigated wc&d 
be an inlet parameter that is a unique function of second-ranq? angle. A t  
a given corrected airflaw, twin-duct asymmetry may cause the si@p&l ob- 
tained during unstable  operatian with a certain ramg angle to be identical 
to the s i g n a l  obtained w i t h  a different raq angle aperating in a stable 
manner. (This cmdditim is referred t o  as signal croBswer. ) The control 
system then m i g h t  set either of two w-idely different rang angles, me of 
wbich w c d d  be undesirable because of poor performance and unstable oper- 
ation. If the control had the abilFty t o  re ject  the asym&ric canditian, 
it could then seek the stable,  qyrmetric  aperating  conditions. 

Some of these  problem a r e  analyzed for the  theoretical throat  Mach .. nmiber and normal-shock-position control systems. 

Individual Throat Mach Nurdber Costrol Signa ls  

Presented in figure 4 are the individual throat Mach nunher 
obtained for several second-ramp angles and free-stream %ch numbers at 
2 O  angle of attack. The closed asd open symbols indicate the l e f t  and 
right inlets,  respectively. During supercrit ical  inlet ope ra t f a  it would 
be expected tha t  the throat Mach number would be sane constant  supersonic 
value depend- upon  ramg angle and free-stream Mach nmfber. If the fn- 
lets were operating  symmetrically, the throat Mach nmibers WOuLd. be  equal. 
As c r i t i c a l   i n l e t  operation is approached, the throat Mach numbers should 
suddenly drop to some subsanic  value as the normal shocks move upstream 
of the Pitot-static  tubes. The throat Mach nmibers should then decrease 
as the mass flaw is further reduced in the subcrit ical  operat- range. 
If the inlets operate symmetrically, this decrease should be continuous 
md equal far both inlets. 

The data in figure 4 indicate that for all rang angles and free- - stream Msch nmbers the Wets operated spmetr ical ly  from c r i t i c a l  oper- 
ation throughout the subcrit ical  stable range until flutter and buzz 
occurred. Accompanying f l u t t e r  and buzz qperation w&s a w i d e  difference 
in throat Mach nunibers inacating  severe asynnnetric inlet operation. - 
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During the stable subcritical  operating range the signal obtained  with c 

one ramp angle was  distinctly dtfferent frm that obtained  with  another 
ramp angle. F i v e  4 shows. that In-  s a x  cases signal crossuver  occurred 
during  unstable  operation. 

During supercritical  operatian the performance Gf the M e t 6  di f -  
fered frm that expected, par t icUlaru at the lower free-streem ~ a c h  nun- 
bers of 1.6 and 1.5 (figs.  4(e) and ( f ) ) ,  where the throat Mach numbers 
remained subermic i n  both inlets for most ramp angles. In these cases 
conventional. inlet starting did not occur,  probably  because of the block- 
age resulting f m  the Pitot-static  control-  tubes. , A t  Mach &era of 
1 .9  and 1.8 (figs . 4(b) and (c) ) the right inlet started  as expected, 
but the left inlet did not, causing the tbraat Mach nmibers t o  be widely 
asymmetrical. 

Average T h r o a t  Mach Number Control  Signals 

The average throat Mach number control signals are presented in f ig-  
ure 5 for the same configuratims and operating  conditions shown in f ig -  
ure 4.  In figure 5 the c r i t i c a l  operating points of the inlet are indi- 
cated by closed symbols. 

The average throat Mach number data follow the 8- trends as those 
observed for the individual  throat Mach nmiber data  presented in figure s 

4 .  Averaging the conditions tended t o  reduce the problem of signal cross- 
over but did not eliminate it completely. In designing a control Bystem 
serious ccmsideraticm must be given t o  this problem. 

Theoretical  Throat Mach Number Control Analysis 

The average throat Mach n&er data i n  figure 5 were used i n  an anal- 
ysis  of a theoretical  control system using this signal  for ramp actuation. 
Because of its simplicity, a control designed t o  maintain a conetant  value 
of throat Mach number regardless of operating conditions would be more de- 
sirable than one  which  would  have the  control value of throat Mach  number 
scheduled with such operating  conditions .as f l i gh t  Mach number, altitude, 
and ambient temperature. The major part of the analyeis which follows w a s  
made for the constant  control Mach number case,  but the improvemnt which 
could  be made by using a variable  control Mach number is also indicated. 

The analysis was made assuming that a suitable  turbo jet  engine and 
typical auxiliary airflow requirements were matched to the inlet system. 
These corrected airflows for mAcA standard and USM hot and cold days " 
are indicated on the abscissas of figures 4 gnd 5. Inlet .performance 
data were obtained frcm reference.1. Typical mass-flow pressure-recovery 
curves used in the analysis are a h o m  i n  figures 6(a> and (b)   for  Mach 
numbers 2.0 and 1.5, respectively. Engine airflow l b e s  are indicated. 

L 
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The r a q  angles, mass-flow ratios, and pressure  recoveries  &ich a 
canstant throat Mach nmiber control would set ,   are  shown in figure 7, fo r  
a 2 O  angle. of attack over the Mach n M e r  range far  three ambient tempr- 
atures   a t  35, OOO feet  altitude. A value of 0.82 for’ throat Mach number 
was selected,  since this value  provided bet ter  performance for  a W g e r  
number of operating conditions than any other value. The f igwe  shows a 
large  effect of ambient temperature, particularly for t eqera tures  higher 
than the standard day. 

S m e  over-all performance  pazameters evaluated from the data in ffg- 
ure 7 are shown in figure 8. The effective-thrust  ratio is defined as 
the net thrust of the assumed  engFne a t   t h e  mearmred pressure recovery 
minus an fncremental drag, depending upon mass-flow ratio and ramp angle, 
divided by the  net thrust of the engine wfth 100-percent  pressure  recov- 
ery. The incremental drag is defined &B the  difference between the model 
drag a t   the  operating cadition of interest  and the ralnimum model d r a g  
attajnable at the 8am.e Mach rimer and angle of attack. Thus, with super- 
c r i t i c a l  apesation and with a ramp angle Less than design,  incremzntal 
drag w o u l d  be zero. The perf armance for  a thrat Mach rider of 0.82 is 
shown by the curvea, and the optimum performance obtainable  with  a vari- 
able throat Mach number is denoted by the symbols. 

- With this particular match of engine and inlet,  the  highest  values 
of effective-thrust r a t i o  were obtained Q I ~  a standard day. The constant 
throat Mach numiber control would set  operating  conditions t o  within about I 
percent of optimum effective-thruet r a t i o  over the free-stream Mach n u -  
ber range on a staadard day. Cold-day performance was scpaewhat lower 
than that of the standard day because of reduced pressure recoverJr,  but 
the  constant  throat Mach  nuuiber control would set   the optirmrm condition over 
the Mach nunber range. On a hot day the eff  ective-thrust  rat i o  w a s  quite 
low at the  higher  free-stream Mach numbers, and for  these  conditions 
appreciable  iqmovenents could be made by using a variable throat Mach 
nmiber, as s h m  on the figure. These  improvements,  however, required 
placing the in le t  system on the verge of aspmetrical  and flutter inlet 
aperation. The 0.82 constant throat Mach nuuiber d X  not operate the in- 
let system  neaz the range of instabi l i ty .  

- 

As ambient  temperature  increases,  the  engine  net thrust  with 100- 
percent  pressure recovery, Fn,i, decreases. Hence, the  effective-thrust 
ratio, which is useful as an inlet efficiency parameter, is not 8=1 hd i -  
cation of the  actual  force  available to drive the airplane. Therefore, 
also presented in figure 8 is the ratio of actual thrust minm drag to 
standard-day ideal  net  thrust that would be obtained w i t h  the  constant 
throat Mach umber  control. On a standard day the values of thfs parameter 
are  identical  t o  those of the  effective-thrust  ratio. The actual thrust 
minus drag for a cold day is higher than that for the  standard day even 
though the  effective-thrust ratio is less. On a hot day the actual thrust  

- 
.I minus drag i s  Lowest by large amounts over the Mach numiber range, and it 
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appears that the problem of obtaining  sufffcient thrust t o  drive  the air- 
plane is  m e t  c r l t i ca l .  The figure shows that the improvements obtained by * 
employing a variable throat  Mach  nrmiber control were not large and that 
greater  hprwements could be obtained by givFng more preference t o  the 
hot-day conditfon in matching the in le t  and engine system. The cold-day 
conditian  appears t o  be least c r i t i c a l  in matching cansideratione. 

The Inlet  operating  cmditions w i t h  a constant  throat Mach nlrmber 
of 0.82 which were shown in f igwe 7 at 35,000 feet alt i tude are also 
shown in figure 9 f o r  a  range of pressure altitude t o  65,000 fee t .  A g a i n  
the  effect of' temperature is large Over the  altitude range. S m  of the 
results for cold-day aperat ion in figure 9 appear t o  vary somewhat errat-  
ically.  This is primarily a result of the  large  variation in anibient 
teqera ture  w i t h  a l t i tude an a cold day. 

The 6- thrust perf0rTw-m pammeters discussed  previously  are  also 
presented in figure 10 for the conditions in figure 9.  E f f e c t i v e - t h s t  
r a t i o  remained f a i r l y  constant over the al t i tude range fo r  all flight Mach 
riders an standard and cold d a y s .  In these  cases  the  constant  throat 
Mach  number control maintained  near optimum performance. Cn a hot day 
the effective-thrust  ratio  decreases with  increasing  altitude at the 
higher Mach numbers and was less than optimum. 

The effects of al t i tude an the thrust minus drag t o  standard-day 
ideal  net-thrust  ratio varied widely depending upon mibient tenperatme. 
On a standard day there was  l i t t l e   e f f ec t ;  013. a cold d.ay the ra t io  in- 
creased with increasing  altitude; and on a hot day the ra t io  decreased 
with increasing  altitude. These trends were sfmilar mer  the Mach  number 
range. Again, f l igh t  on a hot day appears t o  be  the most critical con- 
dition,  particularly  at  the higher altitudes. 

.. 

Effect of Angle of Attack 

Airplane  angles of attack and yaw greatly  influence  inlet perform- 
ance, particularly with a twln-duct system. I n  the  design of a cmtrol ,  
therefore, the effect  of airplane attitude could be an inq?ort;ant factor.  

Sufficient data were not  obtained t o  make a canplete analysis of 
the  effect of airplane  attitude on control  perfamance. However, B C B ~ L ~  
trends can be observed fran  the available data. Individual  thrcat Mach 
number slgmls obtained Over a range of angles of attack and yaw for  a 
variety of .operating  conditions &re presented Fn figures =(a> t o  ( f )  . 
Each figure shows a significant effect of att i tude Over the en t i re   a i r -  
flow range. Far a given ramg angle at a particular f5ee-stream Mach num 
ber, increasing model angle of attack  increased throat Mach number at any - 
value of corrected  airflow. "E behavior of the inlets with respect t o  
symmetry was similar at high  angles of attack t o  that-discussed  previously . .. 
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f o r  2 O  angle of attack,  but  the range in corrected airflm in which the 
inlets were symmetric decreased. However, as m o d e l  yaw angle Increased 
( f i g .   l l ( e ) ) ,  the Fnlets became increasingly asynnnetric over the airflow 
range, as w o u l d  be eqected.  At f2 .lo yaw the curves f o r  the two inlets 
did not coincide because of: the asyrmnetry, but both inlets  could be oper- 
ated  subcritically and supercritically in the cmventional m e r .  A t  
6O or yaw this was no longer t w ;  the windwaxd inlet remained sub- 
c r i t i c a l  over the a k f l o w  range. As seen in the figure, the throat Mach 
nuniber in this M e t  remained constant over the airflow range investi- 
gated, while the signal from the leewa3.d inlet  varied in a conventional 
manner. 

- 

. .. . . .. 

For the maneuvers discussed  previously, the fallowing  alternatives 
&re available: (1) The control could be allawed t a  operate to maintain 
either a constant  throat Mach rimer or a Mach nuuiber scheduled w i t h  
ambient temperature or (2) the controlled value of throat Mach number 
could be schedule3  with m o d e l  attitude, or (3) the  cantrol could be made 
inoperative durbg an angle of attack  or yaw maneuver. The basic re- 
quirement of the control during such maneuvers Kould be t o  keep the inlet 
out of regions eithw where instabi l i ty  occurs o r  where inlet performance 

ru deteriorate6 so badly that engine performance is unsatisfactory (e .g., 

3 -  
I high distortion causing c q r e s s o r  stall) . In addition  to the structural 

hazards that instabiltty  presents, it might perhaps, w i t h  a twfn-duct 
system, cause airplane yaw instabi l i ty  if the t w o  inlets oscil lated out - of phase. Conceivably, then, by obtain- sufficient data t o  determine 
tkie dangerous q e r a t h g  regions, a control could be scheduled t o  avoid 
these regions.  Since such a cagltrol may be ccql icated,  eirtrpler systems 
are desirable; however, muff icient  data are available t o  ccanpletely re- 
solve this problem. Scpne trends can be determined, however. 

Presented in f igures =(a) and (b) are the average throat Mach num- 
ber signals for the yaw data of f m e  U ( e )  and the angle of attack data 
of figure =(a), respective-. Fa the- yaw maneuver insufficient data 
are  available to determine  exact" what the c m t r o l  w o u l d  do if It were 
operating to maintain m average throat Mach n&er af 0.82. However, 
since the signals increased above 0-82 as yaw angle increased on a stand- 
ard w, the ranq? angles mld be lowered below 13O by an &own amount. 
Whether o r  not instabi l i ty  would be encountered is not known. If the 
control were inoperative dgrFng the maneuver, the ramg angle would re- 
mah at 13O while the throat Mach number &d vary al- a line of con- 
stant  corrected afrflow. The figure s h m  that instabt l i ty  would be 
approached at 9' yaw, but the perfommice  appears t o  be  satisfactory at 
lower yaw angles. 

A little more information is available f o r  tple angle of attack ma- - neuver since angle of attack performance was obtained far more than one 
ramp angle at Mach 2 -0. Alth- data were obtained in m e  inlet anly 

" with the 19' rag angle at  Mach 2.0 (fig.  U(b) ) , the inlets were 
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symmetrical in  the  operating range of interest .  These data md the aver- 
age Mach number data with the 21' ramp in  figure Z ( b )  were used t o  ob- . 
tain the curve in figure 13 of second-ramp angle against angle of attack 
at Mach rimer 2.0 with the  control  maintaining a constant average tbroat 
WCh  number  of 0.82. This analysis was made for sane day warmer than the 
standard &y for w h i c h  the match corrected airflow WBB 21.8 (Zb/sec)/sq 
f t .  This condition was selected  since the control would then set the 
21O ramp angle at the  cruise  angle of attack. The fFgure shows that i n  
the angle of attack range froan -2 .lo ta 5 O  the ramp angle  varied by lit- 
t l e  more than lo. Rmver ,  a t  angles of attack greater than 5* the ramp 
angles would be lowered an unknown amount un t i l  at go angle of attack 
they would be sribstantially less than 19'. 

Ip u 
U 
CF 

Theoretical Normal-Shock-Position Control 

The signals obtained for the  theoretical normal-shock-position control 
are presented i n  figures 14(a) and (b) for flight Mach nmbers of 1.98 and 
1.49, respectively. The parameter presented is the   ra t io  of the  static 
pressure just inside the cowl on the ramp surface t o  the free-stream s t a t i c  
pressure. Although data were obta-lned in one M e t  only, It is repre- 
sentative of both inlets  in the  subcritical  operating range between c r i t -  
i ca l  and the start of instabi l i ty .  

This method of controlling the r w  was not a6 satisfactory as the 
throat Mach  number control, because the change in corrected  airflow  with 
ramp angle a t  a constant  value of static-pressure parameter is relatively 
s m a l l  at both Mach 2.0 and 1.5. As a result, -€he effect- of ambient t&- 
perature on performance will be larger than it was w i t h  the throat Mach 
number control; a d  poorer performance would result on the nanstandard 
dEurs. 

I 

- 

Aleo, at Mach 1.5, if a constmt  value of static-pressure pmarneter 
is selected f o r  operation over the range of ambient temperature, the 
optimum ramp angle f o r  standard-day operation cannot be  obtained. For 
example, the  static-pressure parameter must be greater than about 1.9 if  
the  control is t o  perform properly ctzl days.  hotter than the standard dqy. 
But with this  control  value, the ramp angles would be lese tban go on a 
standard day; and therefore a relatively low pressure  recovery would re- 
sult. This diff icul ty  could be .wercme i f  the static-pressure parameter 
were scheduled  with ambient temperature. 

Since the theoretical  throat Mach number control appeared t o  be better 
than  the  theoretical normal-shock-position control and less data were 
available, the l a t t e r  was not analyzed further. 
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An investigation w a s  conducted t o  determine the effectiveness of ex- 
perimental  control signals that w e r e  applied to a theoretical in le t  t h r o a t  
b k c h  nuniber control system and a theoretical normal-shock-position control 
system for  varytug the in le t  geometry of a twin-duct, side-inlet, fusehge 

ramp type w i t h  a f ixed first ramp and a variable-angle second ramp. The 
investigation w 8 s  conducted with various second-ramp angles  over a range 
of angles of attack and yaw at free-stream Mach  numbers f rom 1.5 t o  2.0. 
The following results were observed: 

E 
d( forebody model of a prototype  aircraft. The in le t s  were of the do&le- 

1. If the throat Wch  nuuibers of both aucts are averaged, the-  result- 
ant  control  signal when applied t o  a theoretical control s y s t e m  w i t h  a 
single mechanism actuating both raqs uniformly provides  satisfactory per- 
formance if the  control system disregards signals obtained when the in le t s  
are widely asymmetric. 

2. A t  cruise angle of attack the theoretical  constant throat Mach 
n M e r  control system would set near-o-ptlmum operating  conditions  over the 
Mach  number range on either. an NACA standard day or  a USAF cold day i n  the 
altitude  range from 35, OOO t o  65,000 f et. On a hot day, performance 
could be improved appreciably over the altitude range by scheduling  throat 
Mach nunher w i t h  ambient temperature. 

u 

- 
3. The theoretical  normal-shock-position control s y s t e m  was not as 

satisfactory as the throat Mach number control, because changes i n  anibient 
temperature produced larger - adverse changes in   i n l e t  performance. 

L e w i s  Flight  Propulsion  Iabor-atory 
National Advisory Committee f o r  Aeronautics 

Cleveland, &io, July 26, 1957 

1. Yeager, R i c h a r d  A. , Beheim, Milton A., and Klann, John L. : Performance 
of  win-&& Vrniable-GeOmetry Side Inlets at Mgch Hmibers of 1.5 t o  
2.0. NACA RM E56Kl5, 1957. 
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Corrected weight f low,  w 3 6 / / 6 3 A 3 ,  (lb/sec)/sq f t  

(a) Free-atream Mach number, I .98. 
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NACA RM E57G22 

Corrected weight f low,  w31/Qy/S,A3, (lb/eec)/sq ft 

(b) Free-atream Mach number, 1.89. 

Figure 4. - Continued. Effect of second-ramp  angle on individual throat 
Mach number  control eignal. Angle of attack, Z0.  
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Corrected weight f l o w ,  W ~ ~ & / % ~ A ~ ,  (lb/sec)/sq ft 

(c)  Free-stream Mach number, 1.79. 
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Figure 4. - Continued. Effect of eecond-ramp angle on Fndivfdual t h r o a t  
Mach number contral signal. Angle of attack, 2'. 
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NACA RM E57G22 

(a) Free-stream Mach nuuiber, I .68. 

Figure 4. - Continued. Effect of second-ramp a w e  on individual throat 
Mach  number control signal. Angle of attack, 2'. 
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Figure 4 .  - Continued. Effect of second-rag@ angle on individual throat 
Mach nuniber control signal. Angle of attbk,  2O. 
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(e) Free-stream Mach number, 1.59. 
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(f) Free-stream Mach number, 1.49. 

Figure 4 .  - Concluded. Effect of eecond-ramp angle on individual throat 
Mach number control eignal.  Angle of attack, 2O. 
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(a) Free-atream W h  number, 1.98. 

Figure 5 .  - Eect of second-raW angle cm the aver- throat X%& number wn- 
trol s3.gnal. Angle of attack$ 2O. - 
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Figure 5. - Continued. Effecf of second-ramp angle on the average throat 
Mach number control s igna l .  Angle of attack, 2O. - 

t 
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" . 

Corrected weight flow, w3&/BSA3, (lb/sec)/sq ft 

(c) Free-stream Mach number, 1 .79 .  

Figure 5.  - Continued. EPfect of second-ramp angle on the 
average throat Mach nzmiber control signal. Angle of 
attack, 2O. 
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Corrected wetat now, w ~ + J ~ + ~ ,  (lb/eec)/eq ft 

(d) Free-stream Nch number, 1.68. 

Figure 5. - .Gntinued. E f f e d  of ~&cvt.d-r&ig -&&Le on-the aversee. throat Hach 
number control signel. Angle of attack, 2O. - 
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(e) Free-stream Wch amber, 1.59. 

Figure 5 .  - Contlnued. Effect of secona-ramp angle on the average throat 
Mach number control sigml. Angle of attack, 20. 
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" 

C o r r e c t e d  weight flov, w3fi/&&, (lb/sec)/eq ft 

( f )  Fraa-stream Mach number, 1.49. 

Figure 5 .  - Concluded. EPfect of second-ramp angle on the average throat Msch 
number contra signal. w e  of attack, 2 O .  
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Figure 7. - Effect of operation of constant throat Mach  number control a p t e m  
on i n l e t  performance over a range of free-stream Mach nu&ers. Angle of 
attack, 20; altitude, 35,oOO feet; throat Mach number, 0.82. 
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Flight Mach number 

Figure 8 .  - IXYect of *?%tion of throat Mach number control system on 
thrust parameters over a range of free-stream Mach numbers. Angle  of 
attack, 2O; altitude, 35,ooO feet. 
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(a) Second-rarqp angle, 21°; free-stream Mach 
number, 1.98. 

Figure 1l. - Effect of angles of attack and yaw on 
individual throat Mach number cuntfol signal with 
fixed second-ramp angles. 
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1. 

18 22 26 
Corrected weight f low,  U S & / / ~ ~ A ~ ,  

(lb/sec)/sq ft 

(b)  Second-raaq angle, 19O; free-stream Mach number, 
1.98. 

Figure ll. - Continued. Effect of angles of attack and 
y a w  on individual throat  Mach number control signal 
with fixed second-ranrp angles. 
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(c) Second-ramp angle, 170; free-stream Mach number, 1.89. 

FFgure U. - Continued. Effect of angles of attack and yaw on 
infividual throat Mach n&er control signal with fixed 
second-ramp angles. 
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- 
14 18 22 26 30 . 
Corrected  weight flow, w3fi/83%, (lb/sec)/sq ft 

(a) Second-ramp angle, 13'; free-stream Mach nuniber, 
1.68. 

Figure 11. - Continued. Effect of angles of a t tack  
and yaw on individual t h roa t  Mach number control 
signal x i t h  fixed second-ramp angles. 
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Figure 11. - Continued. Effect of angles of attack and yaw on 
individual throat Mach  number control si- with fixed 
second-Tamp angles. 
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1. 

Corrected weight flow, w3$&A3,. (lb/sec)/sq ft 

( f )  Second-ramp angle, go; free-stream  Mach  number,  1.49. 

Figure ll. - Concluded. Effect of angles of attack and yaw on individual 
throat Mach number control si@ with f i x e d  second ~ s m p  angles. 
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Corrected weight flow, w3&/63%, (lb/sec)/sq f t  

(a) Variable  angle of  yaw; second-ramp angle, 13O; free- 
stream Mach number, 1.68. 

Figure 12. - Wfect of angle8 of attack and yaw on average 
throat Mach number control signal with fixed second-ramp 
angles. 
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Corrected  weight flow, w ~ + & ~ A ~ ,  (lb/sec)/sq ft 

(b) Variable angle of attack; second-ramp angle, 
21'; free-stream Mach number, 1.98 .  

Figure 1 2 .  - Concluded. Effect of angles 09 attack 
and yaw on the average throat Mach number control 
signal xith fixed second-ramp angles. 
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Angle of attack, deg 

Figure 13. - Effect of angle of attams on ramp angle set by C0UStan-L throat Mach 
number control system at flight Mach number 2.0. Altitude, 35,000 f ee t ;  cor- 
rected airflow, 21.8 (lb/sec)/sq ft; th roa t  Mach number, 0.82. 
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Corrected weight f low,  W ~ & / ~ ~ A = ,  (lb/sec)/sq ft 

(a) Free-stream Mach number, 1.98. 

Figure 14. - Control sign& from normal-shock- 
sensing static-pressure orif ice  in second-ramp 
surface. Angle of attack, 2'; left inlet. 
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(b) Free-stream Mach number, 1.49. 

Figure 14. - Concluded. Control signal from ~armal-6hock-aensing stat lc -  
pressure or i f i ce  in second-ramp surface. AngLe of attack, 20; l e f t  
inlet. 
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